fc/Wfrs 10/540332 

' v JC09Rec'dPCT/PTQ 20 JUN 2009 



SUPERCONDUCTIVE MICROSTRIP RESONATOR AND 

FILTER 

FIELD OF THE INVENTION 
The present invention relates to microwave filter, and in particular, to 
superconductive microstrip resonator and filter. 



BACKGROUND OF THE INVENTION 
Filters are important Microwave components, whose primary function 
is to compart frequency, namely to transmit signals within a desired 
frequency band and to filter out signals beyond the desired frequency 
band. Generally a frequency band within which signals can pass through 
a filter is called pass-band, and a frequency band within which signals are 
filtered out by the filter is called cut-off region. An ideal filter can 
transmit signals in a pass-band without attenuation, and cause signals in 
the cut-off region to attenuate infinitely. To achieve the above effect, the 
saltation between pass-band and cut-off region should be as steep as 
possible, namely the pass-band edges should be as steep as it could be. 
Commonly poles of the filter (the amount of resonator) can be added to 
increase the steepness of the pass-band edges, but this will bring distinct 
insertion losses, causing the attenuation of the pass-band become larger 
and exacerbating the performance of the filter. So a normal microstrip 
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filter with more poles has a larger insertion loss, which is difficult to 
meet the needs in the fields of high standard requirements, such as 
satellite applications. In this instance only wave-guide filter can be 
applied to achieve the requirements. 

Recently, with the development of techniques of preparation for HTS 
(high temperature superconductive) materials, including preparation for 
single crystal and thin film etc, it's possible for superconductive 
microstrip to come to practical application. Comparing with common 
microstrip filters, a superconductive microstrip filter has lower insertion 
loss, better anti-interference ability against neighbor frequency, higher Q 
value of the resonator (below 10GHz, Q value is about 40,000-100,000). 
Experiment results show that a superconductive microstrip filter has 
steeper band-edges, extremely low insertion loss and flat pass-band 
characteristic, which is close to the ideal filter in performance. A 
superconductive microstrip filter also has the merit of smaller volume and 
lighter weight as compared with common microstrip filter. With the 
above characteristics, superconductive microstrip filters, instead of 
wave-guide filters, shall be employed in fields having higher 
requirements for filters. 

Fig.l shows an superconductive microstrip filter invented in England 
in 2000, which comprises 8 open-loop form resonators in the same or 
similar size, having a substrate of LaA10 3 , with the total length/width of 
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the filter of 39/23.5 mm. As shown in Fig.l, in this superconductive 
microstrip filter, resonator 1, 2... 8 are disturbed in an axis symmetric 
configuration, the intervals between the resonators are determined by 
requirements for the performance of the microstrip filter. Each resonator 
is made of an superconductive microstrip line which is folded like a ring 
structure with a Wg wide gap, the total length of the ring structure 
microstrip line is about a half of the wavelength corresponding to the 
center frequency of superconductive microstrip filter. It is learned by 
analyzing electromagnetism field of each resonator that, electric field is 
mostly concentrated at the gap of the ring structure, so this part of the 
resonator is like a capacitance; magnetic field is mostly disturbed on the 
other side of the resonator opposite to the gap, so the superconductive 
microstrip line functions similarly to an inductance. The width WO of the 
input feed-line 11 and output feed-line 12 corresponds to 50 Q of input 
impedance and output impedance. Because the lengths of the input 
feed-line 11 and output feed-line 12 have no influence on the filter 
performance, the respective lengths could be several millimeters in 
accordance with technique requirements. The positions at which the input 
feed-line 11 and output feed-line 12 are connected to neighboring 
resonator 1 and 8 are determined by input and output impedance 
matching. 

Fig.2 shows the frequency response of the superconductive microstrip 
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filter in fig.l at 55K when combined with a LNA (low noise amplifier). 
In Fig.2, solid line 21 indicates the characteristic curve of transmission 
loss of the superconductive microstrip filter, dash line 22 represents 
characteristic curve of reflect loss of the superconductive microstrip filter. 
It can be seen from the figure, the insertion loss of the filter is about 
0.1 3dB at pass-band, the steepness of the low band-edge is 20dB/MHz, 
the steepness of the high band-edge is 15dB/MHz. While this type of 
superconductive microstrip filter has high Q value, low insertion loss and 
good band-edge steepness, the resonators constituting the 
superconductive microstrip filter are too large to effectively use a 
substrate space, therefore the poles of the filter can not be increased by 
increasing the number of the resonators, whereas increasing the number 
of the resonators can substantially improve the steepness. Hence, the 
above described structure is not satisfying. 

In order to overcome shortages of the existing techniques, it is 
necessary to advance a resonator of smaller dimension to increase the 
number of resonators within the limited substrate space of a 
superconductive microstrip filter. 

CONTENT OF THE INVENTION 
One object of the invention is to provide a type of superconductive 
microstrip resonator which is smaller than an open-loop resonator. 
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Another object of the invention is to provide a superconductive 
microstrip filter comprising a plurality of resonators which are smaller 
than open-loop resonators, so that the superconductive microstrip filter of 
the present invention has the characteristics of low insertion loss, high 
rejection beyond the pass-band and steep band-edge, as well as merits of 
compact structure and smaller size. 

In order to realize the objects of the invention, there is provided a 
U-type superconductive microstrip resonator according to the present 
invention, characterized in that said superconductive microstrip resonator 
has a U-type structure formed by folding a superconductive microstrip 
line. 

A type of superconductive microstrip filter according to the present 
invention, includes: 

an input coupling line, for receiving signals to be filtered and 
outputting the signals in the manner of coupling; 

a plurality of U-type superconductive microstrip resonators of the 
same structure and dimension, for performing filtering process for the 
signals received from the input coupling line to obtain signals in 
corresponding frequency band and then outputting the obtained signals in 
the manner of coupling; 

an output coupling line, for outputting signals outputted by said 
U-type superconductive microstrip resonators in the manner of coupling. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
FIG1 shows a simplified view of the configuration of a 

superconductive microstrip filter comprising 8 open-loop resonators; 
F1G.2 is a response curve of the superconductive rnicrostrip filter 

shown in FIG 1; 

FIG 3 shows a simplified view of the configuration of one U-type 
superconductive microstrip resonator of the present invention; 

FIG 4 shows a simplified view of the configuration of one 
superconductive microstrip filter comprising 4 U-type superconductive 
microstrip resonators according to the present invention; 

FIG 5 is a response curve of the superconductive microstrip filter 
shown in FIG 4; 

FIG 6 shows a simplified view of the configuration of another 
superconductive microstrip filter comprising 4 U-type superconductive 
microstrip resonators according to the present invention; 

FIG 7 is a response curve of the superconductive microstrip filter 
shown in FIG 6. 

DETAILED DESCRIPTION OF THE INVENTION 
Now U-type superconductive microstrip resonators and corresponding 
U-type superconductive microstrip filters according to the present 
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invention will be described in detail in conjunction with accompanying 
figures. 

FIG 3 shows a simplified view of a U-type superconductive 
microstrip resonator of the present invention. As shown in the figure, the 
U-type superconductive microstrip resonator has a U-type structure 
formed by folding a superconductive microstrip line. Wherein the whole 
length of the superconductive microstrip line bent to U-type is as long as 
a half of the wavelength corresponding to the center frequency of a 
superconductive microstrip filter formed with the U-type resonators, m 
this U-type structure, 33 denotes the blind end and 34 denotes the open 
end. 31 and 32 represent superconductive microstrip lines on both sides 
of the open end 34 respectively, which are in different length. The 
respective lengths of superconductive microstrip lines 3 1 and 34 on both 
sides of the open end 34 and the distance between them are determined in 
accordance with particular requirements for designing the 
superconductive microstrip filter comprising said U-type superconductive 
microstrip resonators. 

FIG 4 shows a simplified view of the configuration of a 
superconductive microstrip filter comprising 4 U-type superconductive 
microstrip resonators of the present invention. As the material of the 
substrate of the filter, LaA103, MgO and Sapphire etc. could be used. As 
shown in FIG 4, an input feed-line 401 of the superconductive microstrip 
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filter receives signals to be filtered and transmits them to an input 
coupling line 411. The input coupling line 411 then couples the signals 
received from the input feed-line 401 to the array of resonators 
comprising 4 U-type superconductive microstrip resonators 42, 43, 44 
and 45 which are in the same dimension and structure. 

After receiving signals from the input coupling line 411, said array of 
resonators filters the signals to obtain signals in corresponding frequency 
band, and couples the resultant signals to output coupling line 412. The 
U-type superconductive microstrip resonators 42, 43, 44 and 45 are 
arranged in parallel with each other from left to right in this order. 
"Wherein the U-type superconductive microstrip resonators 42 and 43 are 
arranged in parallel and are axis symmetric with respect to each other, 
and their longer sides at the open end are closer to the axis of symmetry 
than the shorter ones respectively. The U-type superconductive microstrip 
resonators 44 and 45 are in the same arrangement as the resonators 42 
and 43. The intervals II, 12 and 13 between U-type superconductive 
microstrip resonators 42 and 43, 43 and 44, 44 and 45 respectively are 
detenriined in accordance with particular requirements for designing the 
superconductive microstrip filters. At the open end of the U-type 
superconductive microstrip resonator 42 which is adjacent to the input 
coupling line 411, the top end of the left side of the U-type resonator 42 is 
aligned with the input coupling line 41 1. The same is true for the top end 
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of the right side of the U-type resonator 45 and the output coupling line 
412. 

After receiving the signals from the array of resonators, the output 
coupling line 412 outputs the signals to the input feed-line 402, then the 
input feed-line 402 sends the signals to a corresponding processing 
module. 

The above description has been directed to the superconductive 
microstrip filter of the present invention comprising 4 U-type 
superconductive microstrip resonators. As for the U-type superconductive 
microstrip resonators 42 and 43, it can also be arranged to make the 
shorter sides of their open ends are closer to the axis of symmetry than 
the longer ones respectively, and the same is true for the U-type 
superconductive microstrip resonators 44 and 45. 

Under the principle for designing a superconductive microstrip filter 
as mentioned above, more U-type superconductive microstrip resonators 
can be applied to a filter to obtain a superconductive microstrip filter with 
more poles on request. 

FIG 5 shows a response curve of the superconductive microstrip filter 
shown in FIG 4. As shown in FIG 5, the solid curve 51 represents the 
transmission loss of the superconductive microstrip filter, and the broken 
curve 52 denotes the reflection loss of the superconductive microstrip 
filter. It can be seen from FIG 5, the insertion loss of the superconductive 
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microstrip filter's pass band is 0.3dB 3 and the band-edge steepness is 
35dB/MHz in low-frequency side and 30dB/MHz in high-frequency side. 
With the increase of the poles of the filter, the band-edge steepness of the 
superconductive microstrip filter can be greater, then rejection beyond the 
pass-band will be higher. 

FIG 6 shows a simplified view of the configuration of another 
superconductive microstrip filter comprising 4 U-type superconductive 
microstrip resonators of the present invention, as the material of the 
substrate of the filter, LaA103, MgO and Sapphire etc. may be used. As 
shown in FIG 6, an input feed-line 601 of the superconductive microstrip 
filter receives signals to be filtered and send them to a input coupling line 
611. The input coupling line 611 then sends the received signals to the 
array of resonators comprising 4 U-type superconductive microstrip 
resonators 62, 63, 64 and 65 which are in the same dimension and 
structure. 

After receiving signals from input coupling line 611, the array of 
resonators filters the signals to obtain signals in corresponding frequency 
band, then transmits them to a output coupling line 612. The U-type 
microstrip resonators 62, 63, 64 and 65 are arranged in parallel from left 
to right in this order. All the longer sides of the open ends of the U-type 
superconductive microstrip resonators are arranged on the same sides of 
respective filters. The intervals 14, 15 and 16 between U-type 
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superconductive microstrip resonators 62 and 63, 63 and 64, 64 and 65 
respectively are determined in accordance with the particular 
requirements for designing of the filters. At the open end of the U-type 
superconductive microstrip resonator 62, the top end of the side of the 
U-type resonator 62 closer to the input coupling line 611 is aligned with 
the top portion of input coupling line 61 1. The same is true for the output 
coupling line 612 and the U-type resonator 65. 

After receiving the filtered signals from the array of resonators, the 
output coupling line 612 transmits them to output feed-line 602, then the 
output feed-line 602 transmits the signals to a corresponding processing 
module. 

The above description is directed to another superconductive 
microstrip filter comprising 4 U type superconductive microstrip 
resonators according to the present invention. Under the principle for 
designing a superconductive microstrip filter as mentioned above, more 
U-type superconductive microstrip resonators can be applied to a filter to 
obtain a superconductive microstrip filter with more poles on request. 

FIG 7 shows a response curve of the superconductive microstrip filter 
shown in FIG 6. It can be seen from FIG 7, the solid curve 71 represents 
the characteristic curve of transmission loss and the broken curve 72 
denotes the one of reflection loss for the superconductive microstrip filter 
mentioned above. According to this figure, the insertion loss of the 
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superconductive microstrip filter's pass band is 0.29dB, and the 
band-edge steep is 27dB/MHz on low-frequency side and 19dB/MHz on 
high-frequency side. In the case of increasing poles of the filter, the 
band-edge of the superconductive microstrip filter will be steeper, 
resulting in higher rejection beyond the pass-band. 

FAVOURITE RESULTS 

Because of the smaller dimension of the U-type superconductive 
microstrip resonator constituting the superconductive microstrip filter of 
the invention, the filters according to the present invention have better 
performance of in-band insertion loss, rejection beyond pass-band and 
band-edge steepness than those open-loop superconductive microstrip 
filters which are in the same dimension as ones of this invention. 

It should be understood that although the invention has been 
described with respect to specific preferred embodiments, many 
variations and modifications may become apparent to those skilled in the 
art. The patent protection scope of the present intention shall be defined 
by the appended claims and their equivalents. 
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